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Abstract.— About 22 percent of the pigmy conifer woodlands of the United States occur within the Great Ba-

sin. Only a very few reports of these woodlands exist in the literature. Available reports are either of general de-

scriptive nature or specific analysis of vegetation-environmental relationships on one mountain range. In order to

better understand basin-wide synecological patterns, a cooperative study was carried out by personnel at Utah

State University and the University of Nevada-Reno between 1972 and 1975. Vegetation, landform, geology, and

soils data obtained from 463 systematically placed stands on a randomly chosen set of 66 mountain ranges have

been used to derive patterns of latitudinal, longitudinal, and altitudinal variation in the floristic diversity in juni-

per-pinyon dominated woodlands across the Great Basin.

The latitudinal-longitudinal patterns show greatest environmental and floristic diversity on the higher mountain

ranges on the southern end of the Central Plateau portion of the study area where the Great Basin-Mojave

Desert transition occurs. This is also where the elevational breadth of the woodland belt is greatest. Juniper-

pinyon woodlands are largely lacking from northwestern Nevada. The lowest elevations for the type are found in

the Dixie Corridor centered in southwestern Utah. The general elevation of these woodlands is highest in the

west-central part of the Great Basin and declines both toward the Sierra Nevada on the west and the Wasatch

Front-High Plateaus on the east.

Use of the equilibrium theory of island biogeography gave incomplete explanations of the diversity patterns ob-

served. Certain conceptual and methodical problems forced by this overly simplistic theory are discussed. The

best correlations obtained were between species richness and an index of ecotopic diversity.

Correlation of Basin-wide patterns of woodland floristics with surficial geology, landforms, and soils is non-

discriminatory. However, broad-scale, phytogeographical variations in these woodlands are closely associated with

climatic differences. Although much direct climatic data are lacking, it seems likely that the relative contribu-

tions of the transitory frontal systems moving inland from the Pacific, continental cyclones developing over the

Great Basin, and convectional storms associated with the moist air from the Gulf of Mexico to induce precipi-

tation at different seasons are regionally important in the causation of vegetation distribution and composition.

The instability of temperature inversions is a likely determinant of the position of woodlands along the north-

ern boundary of the type. The Pacific frontal systems break the inversions most readily and are thought to be the

major cause for the lack of this vegetation in northwestern Nevada and on exposed mountain ranges along the

northern boundary of the type. Such observations provide leads for relevant ecophysiological research to support

or reject these notions.

The juniper-pinyon woodlands are a ma- siderations of other Great Basin vegetation

jor vegetation type of the Intermountain types and their distributions have been

West. West, Rea, and Tausch (1975) have made by Billings (1951), Cronquist et al.

indicated that about 325,000 km2 (125,000 (1972), Tueller (1975), and Young, Evans,

mi 2
) are involved. About 7.1 million ha, or and Tueller (1976). They all characterized

22 percent of this total, occur in the Great these woodlands as generally covering low

Basin. It is the phytogeography of this por- hills or as forming a belt of vegetation at

tion of the type that we wish to consider lower elevations on the higher mountains

here. with sagebrush-dominated belts both above

Brief descriptions of the Great Basin and below,

pinyon-juniper woodlands, along with con- Beeson (1974) mapped the typed and de-
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scribed the general longitudinal and latitu-

dinal variations from a large set of vegeta-

tional data collected on approximately one-

third of the mountain ranges found in the

Great Basin. In this paper we wish to exam-

ine further aspects of this and additional

data, expanding the discussion of longitudi-

nal, latitudinal, and elevational floristic di-

versity (beta diversity, according to Whitta-

ker 1975) and propose possible explanations

for some peculiarities of latitudinal limits

and variations in elevational extent of the

type.

Methods

Data set collection and prior analysis:

The data set available involves quantitative

data on landform, geology, soils, and vege-

tation collected between 1972 and 1975 for

463 stands systematically placed on a ran-

domly chosen set of 66 Great Basin moun-
tain ranges (Nabi 1978).

We defined woodlands as having at least

25 pinyon and/or juniper trees per hectare

(10/acre). At least one tree had to be in our

mature size-age-form class. These criteria

kept the samples from extending too far

into ecotones, yet allowed a good coverage

of the main juniper-pinyon woodland type.

Stands were sampled at regular elevation-

al intervals on all of the four major expo-

sures where the juniper-pinyon belt existed

on each mountain range. We are therefore

able to discuss the Basin-wide distribution

of these woodlands from fairly objective

bases. The full details of the sampling de-

sign, data collection, and prior analysis are

given elsewhere (Nabi 1978).

Supplementary sampling of the Shoshone

Mountains added stands in broad canyon

bottoms and on secondary slopes of faces

along major ridges. These additions were

made to sample for one area a greater

range of ecotopic heterogeneity than was

provided by the regularly placed upland

sites on exposures in cardinal directions.

In addition to presentation of broad,

longitudinal-latitudinal patterns of woodland

distribution via a map derived from field-

checked space photography, Beeson (1974)

grouped the sampled mountain ranges into

three first-order divisions, based on floristic

composition. The stress was on the major

species found on at least 25 percent of the

mountain ranges sampled. These major spe-

cies were commonly found in most of the

stands on the mountain range where they

occurred.

This approach yielded one group of

ranges with moderate floristic diversity in

the Central Plateau region that had consid-

erable similarities to the foothills and ranges

directly adjacent to the Sierra Nevada on

the west and the Wasatch Front-High

Plateaus of central Utah on the eastern

boundary of the basin. Another grouping

with low floristic richness was designated

for all lower elevation ranges occurring in

the generally lower, drier portions of the

Great Basin. The third grouping consisted

of ranges with the highest floristic diversity.

These all occurred along the southern end

of the Central Plateau where the Great Ba-

sin-Mojave desert transition occurs.

These floristic units were related to pat-

terns of surficial geology, landform, soils,

and climate. Weak correspondences were

found at this scale with all environmental

factors except climate. The widescale longi-

tudinal-latitudinal differences observed were

therefore thought to be largely related to

current patterns of precipitation and tem-

perature.

Current analysis methods: Mueller-

Dumbois and Ellenberg (1974), in their re-

cent textbook on the Aims and Methods of

Vegetation Ecology, emphasize that a com-

plete understanding of the distribution of

plant communities involves a consideration

of flora, accessibility, ecological properties

of the plants, habitat, and time. Our further

analysis here involves an in-depth exam-

ination of the total floristic diversity in our

samples of Great Basin pigmy conifer wood-

lands in an attempt to relate these floristic

diversity patterns to likely paleocological

influences and to present environmental
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heterogeneity with emphasis on the present

climatic patterns through space and time.

We also examined the appropriateness of

applications of island biogeographical theo-

ry (Simberhoff 1974). These analyses fol-

lowed a strategy similar to that used by

Brown (1971) and Johnson (1975). Data

from the 18 mountain ranges sampled at

200 m elevation intervals were used (Nabi

1978). The variables accounted for were to-

tal woodland species per mountain range,

total mountain area, total mountain area oc-

cupied by woodland (taken from our pre-

viously published map), mountain height,

width of barrier, and an index of ecotopic

diversity.

The width of the barrier was calculated

similarly to Johnson's (1975) approach ex-

cept that we considered distance to the

nearest of three "continental" areas: The

Sierra Nevada, Wasatch Front-High

Plateaus of central Utah, and the northern

boundary of the Snake River Plains, all de-

fined as in Cronquist et al. (1972).

The ecotopic diversity where woodlands

occurred on each mountain was indexed by

the use of an arbitrary, numerical scale

(Table 1) taking into account those variables

on which we had direct data. The higher

the variety of factor conditions, the greater

the presumable ecotopic diversity. Untrans-

formed data for the variables assessed are

presented in Table 2. Correlation

coefficients (r) between the variables were

then calculated for both the raw and loga-

rithmically transformed data.

Additional tabular and graphical organi-

zations of the data were employed in order

to clarify our broad-scale phytogeographical

view of latitudinal, longitudinal, and altitu-

dinal variation in these woodlands. A series

of range-by-range comparisons were made

on the basis of total species richness for

each range, average stand species richness,

and altitudinal distribution of the woodland.

Each type of analysis was mapped and

compared with each other and the broad-

scale climatic patterns for the region.

Results and Discussion

Overall species richness: A total of 367

vascular plant species were found within

Table 1. Point system for ecotopic diversity score.

Range of Range of

Values Values

Possible Observed

Exposure Cardinal slopes having woodlands

1 = north only

2 = north and east, etc.

Slope Number of slope classes (10% incre-

ments) 0-10% = 1, 0-10% plus 11-20

= 2, etc.

Elevation Elevations at which woodlands were

sampled (200 m intervals) 1800-2000 m
= 1: 1800-2000 m plus 2001-2200 m =

2, etc.

Landform Five major landforms encountered

(valley, foothill, bajada, terrace,

mountain) (defined in Nabi 1978)

1-5

1-4

1-5

2-5

1-5

Geology

Soils

classified to clan (Nabi 1978)

Classified to subgroup according to Soil

Survey Staff, USDA, Soil Conservation

Service (1951, 1960, 1967)

Total possible score

1-19

1-24

H\

1-8

1-16

(10-40)
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the juniper-pinyon woodlands sampled. The

number of species in the woodlands on indi-

vidual mountain ranges varied from 164

species on the Shoshone Mountains of west-

central Nevada to under 30 species on small

isolated ranges of western Utah. Figure 1

shows that most of the mountain ranges had

fewer than 50 species in their woodlands.

Furthermore, the ranking of species num-

bers per mountain range frequencies (Fig. 2)

shows an expected log-normal distribution

over the sampled ranges (May 1975). Many

species were found at only one stand on a

given mountain range. If the species fre-

quency sequence is plotted against the num-

ber of stands in which they occur (Fig. 3)

the right hand portion of the curve also fol-

lows a log-normal form. The frequency val-

ues for the rare species (those occurring in

one to four stands) are in excess of the ex-

pected value (Fig. 4). These high frequen-

cies of rarer species are indicative of an

over-saturation of relictual species probably

remaining from the vegetation migrations

resulting from the more favorable climate

of the recent geologic past. This is a situa-

tion similar to that found by Brown (1971)

for small mammals and Johnson (1975) for

permanent resident birds in the same area.

Our estimates of such oversaturation are

conservative since sampling was restricted

to upland areas on all ranges except the

Shoshone Mountains, which included some

broad drainage bottoms and major ridge

faces. Judging from the high species density

of the Shoshone Range, inclusion of more

pronounced topographic situations such as

narrow drainage channels and searches of

atypical geological outcrops and unusual

landforms on the other ranges, in addition

to our predetermined sampling scheme,

would have yielded more plant taxa within

the woodland belt.

If the average number of species per

stand within a given mountain range is

plotted against the total number of species

found in the woodlands of that range (Fig.

5) the envelope including the data points il-

lustrates that there is a very general in-

crease in stand diversity with increasing flo-

ristic diversity of the ranges sampled. The

variation, however, is high. Except for the

ranges with greatest and least diversity,

there are few mountain ranges fitting with-

Table 2. Untransformed data used to test appropriateness of equilibrium theory of island biogeography.



1978 INTERMOUNTAINBIOGEOGRAPHY:A SYMPOSIUM 123

in a similar range of limited average stand

diversity. The majority of the mountain

ranges within any total diversity class have

a wide variation of average stand diversity.

For example, in the interval of 80 to 95

species on a range, the average stand diver-

sity varies from 9 to over 25 species.

Latitudinal and longitudinal diversity pat-

terns: A currently fashionable way of ex-

plaining geographical patterns of diversity

would be by application of island bioge-

ography theory. The results of the correla-

tions of total species richness with total

mountain area, total area of woodland on

the mountain, width of barrier, mountain

Fig. 1. Total number of plant species in the wood-

land belts on each mountain range ordered from the

richest to the most depauperate.

15-30 30-60 60-120 120" 240

NUMBEROF SPECIES ON A RANGE

(frequency octoves)

Fig. 3. Relationships of stand frequency to species

richness. (366 stands of woodland on 66 mountain

ranges.)

Fig. 4. Number of species ordered by number of

stands in which they occurred (frequency octaves).

Line represents log-normal interpolation.

Fig. 2. Range frequency of total number of plant

species in the woodland belts organized by frequency

octaves. Line represents log-normal interpolation.

Fig. 5. Relationship of average number of species

per stand with total number of species in the wood-

lands sampled on each of 66 mountain ranges.
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height, and an ecotopic diversity score for

each mountain range are given in Table 3.

The linear correlations of woodland floris-

tic diversity with total mountain area,

woodland area on the mountain, width of

barrier, and height of mountain range are

all low and not related in a statistically sig-

nificant sense. There is, however, a signifi-

cant relationship of the index of ecotopic

diversity with floristic richness.

On a log-log basis the picture changes

considerably. The correlation between eco-

topic diversity and species density is highly

significant with little change in value, with

or without data from the Shoshone Moun-
tains. Species density is significantly corre-

lated with total area and woodland area at

the 0.05 level without the Shoshone Moun-
tains and barely insignificant with them in-

cluded.

The relationships between other factors

shows scattered significance. Ecotopic diver-

sity is significantly correlated with total

mountain area and woodland area for both

analyses. Mountain height and total moun-

tain area, but not woodland area, are signif-

Table 3. Correlation coefficients (r) between variables. Lower triangular matrix for log-transformed data, up-

per for untransformed data.
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icantly correlated. Total mountain area and

woodland area are significantly correlated;

however, all these variables are so inter-

related that significant correlations are to

be automatically expected. The discrepancy

between the actual and perfect correlation

is probably due to historical accidents such

as fire eliminating some woodland from

where it has potential on those portions of

mountains where climatic unfavorableness

exists, as will be explained later.

We interpret this failure of width of bar-

rier to account for any of the variation ob-

served to be at least partially due to a vari-

ety of methodical problems created by some

simplistic decisions forced by the current

development of the theory. First of all, it is

impossible to choose one continent contrib-

uting flora to the woodlands. Any one

mountain range has floristic affinities with

all surrounding areas. The mixture could be

better described by the degree of affinities

to all possible continents. The Mojave

desert also contributes to the understory

composition. However, because some of the

mountain ranges are imbedded in the Mo-

jave Desert, we knew of no way to calcu-

late barrier width in such circumstances.

The overall height of the mountain range

probably yields a poor correlation because

these woodlands have both boreal-derived

and lowland-derived components. Thus,

height of connecting ridges or valleys would

have a variable effect on what species could

have migrated across the Great Basin and

have had a route of escape as environments

changed. As Johnson and Raven (1970) have

previously pointed out, height has inevitable

covariation with total environmental diver-

sity. Therefore, it is not surprising that the

index of ecotopic diversity, which reflects

combined physical variables, gives a much

better correlation coefficient.

The linear relationship of the index of

ecotopic diversity with species richness

changes if the Shoshone Mountains, with

their expanded sampling scheme, are ex-

cluded (R 2 = .6156 to R2 = .7096). As can

be seen from Figure 6, the increased sam-

pling on the Shoshone Mountains did not

result in an obvious increase in ecotopic di-

versity, but it did give an obvious increase

in the number of species encountered. This

is possibly due to an increased micro-

climatic heterogeneity resulting from the

sampling scheme used. Some minor changes

also occurred for other relationships when

Shoshone Mountain data was excluded

(Table 3).

The influence of the increased sampling

scheme on the results with the Shoshone

Mountains has been minor with less effect

on the log-transformed data than on the lin-

ear data. What this appears to show is that,

within a reasonably uniform sampling

scheme, the floristic diversity encountered

within the woodlands is closely related to

physical site diversity. This seems to be as

much a function of where the plants can

survive as it is a function of how many hab-

itats exist on a particular range.

The primary contributor to the ecotopic

diversity index is the number of different

10 20 30

Ecotopic Diversity Score

Fig. 6. Regression between ecotopic diversity index

and species density in juniper-pinyon woodlands on 17

and 18 mountain ranges in the Great Basin (with and

without the Shoshone Mountains included).
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soil types encountered (Table 2). Analyses

thus far completed have shown no relation-

ship between any specific soil type and any

specific vegetation composition on a Basin-

wide basis. The diversity of soil and topo-

graphic conditions appears to indicate the

potential for diversity of vegetation compo-

sition but not necessarily which taxa may be

involved. This further complicates any at-

tempt at an island biogeographical ap-

proach.

Attempts to map latitudinal and longitu-

dinal differences in the equitability com-

ponents of diversity were found to be of

little value since juniper-pinyon woodlands

are almost uniformly dominated by one or

two trees plus one or two shrubs. One stand

had only three species altogether. Most

stands had only trace amounts of plants oth-

er than the most common five or six spe-

cies. What equitability gradients that oc-

curred are mostly elevational and

successional, as will be demonstrated later.

The species presence-absence approach is

deemed more useful at the scale being fo-

cused on here (Hume and Day 1974,

Schnell, Risser, and Hilsel 1976).

Floristic diversity (Fig. 7) is greatest on

the higher ranges across the southern end of

the Central Plateau portion of the study

area where the Great Basin-Mojave Desert

transition occurs. In addition to the rela-

tionship to the greater present environmen-

tal variation (Table 3), we feel that the high

diversity there is partially due to historical

probabilities of mixing of species with

varying abilities of range expansion and sur-

vival in the considerable migration of spe-

cies which has apparently taken place in

and since the Pleistocene, particularly hyp-

sithermal time (Antevs 1948 and 1955; Mor-

rison 1965; Birkeland 1969; Spaulding 1974;

Martin 1963; Martin and Mehringer 1965;

Fritts 1965; Cottam, Tucker, and Drobnick

1959; LaMarche 1974; Phillips and Van De-

vender 1974; Van Devender 1974; Wells

and Jorgenson 1964; Wells and Berger

1967; Elston 1976).

These previous papers and analysis of our

data favor the view that the pigmy conifer

woodlands were once continuous across the

Great Basin and northern Mojave Desert re-

gions. Subsequent aridity and consequent

plant migrations have fragmented these

woodlands into the patterns of distribution

seen today. The differences in floristic rich-

ness are probably more related to rates of

extinction (Stebbins 1974 and 1975) than to

long-distance dispersal from source biotas

on the several possible continents. The rich-

ness of the present woodland flora is thus

understandably related to the overall envi-

ronmental favorability of the various moun-

tain ranges at present and in the recent

past.

Elevational variability: Billings (1951) and

Hollermann (1973a and b) have previously

commented on the puzzling variation in the

elevational extent of Great Basin juniper-

pinyon woodlands. We also noted wide var-

iation in the Basin-wide elevational limits of

this vegetation type. This variation, how-

ever, shows a close relationship to the gen-

eral topography of the area, with climatic

modification being important in the north-

ern portions.

Our lowest sample in the juniper-pinyon

Number of spec

Fig. 7. Isolines of species richness in the woodlands

hetween the 66 mountain ranges.
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woodland was a stand at 1200 m on the

south slope of the Beaver Dam Mountains

of extreme southwestern Utah. This area is

also the topographic low point of the area

studied. The highest lower boundaries are

found in the White, Excelsior, and Silver

Peak ranges in the southwestern portion of

the study area, and the Toquima and Mon-

itor ranges of the central plateau, some of

the highest parts of the topography of the

whole study area. The regional distribution

of the lowest woodland boundaries are defi-

nitely along the eastern and southern

boundaries of the study area (Fig. 8).

The highest boundary of the woodland

belt is much less definite (Fig. 9), largely

due to great differences in mountain

heights. The upper extreme of these wood-

lands in our data set was a 2800 m eleva-

tion stand on the west slope of the White

Mountains of California. The geographical

distribution of upper boundaries is partially

correlated to those of lower boundaries.

The difference between the actual eleva-

tion of the lower limit and upper limit var-

ies greatly from aspect to aspect on a

mountain range and from range to range

over the Great Basin. An average woodland

belt width of about 350 m elevational ex-

tent occurred on the mountain ranges we
sampled. Further analysis of the data shows

extremes of belt width ranging from over

700 m in elevation in the White Mountains

of California, Highland Peak of Nevada,

and the Needle Range of Utah to essentially

zero at the northern boundaries of the type.

The band of woodland is also extremely

narrow in western Utah.

These elevational extremes and band

widths are graphically portrayed in Figures

10 through 13, which depict transects across

the Great Basin. These transects could be

combined to make a response envelope. The

breadth of these woodlands is generally

greatest in the areas where the extremes of

elevational extent occur. (Exceptions to this

will be explained later). This greater

breadth also approximately coincides with

and contributes to the higher floristic diver-

sity in the Great Basin-Mojave transition

discussed earlier.

Although undoubtedly some of the eleva-

tional variation observed is due to recent

historical causes, especially fire and wood

2200 mele'S
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cutting (Lanner 1976), there are consistent

patterns of elevational extent related to to-

pography and climate. The west and east

relationships show this most clearly. Wood-

lands in the eastern Great Basin are gener-

ally lower than those to the west. The

woodland belt also narrows considerably at

the Wasatch Front. The average elevation

and then decreases, while theincreases,

Fig. 10. Map of the mountain ranges sampled in

this study. Lines connect the mountain ranges depict-

ed in the following figures.

West to east-central transect

4200-
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per part of the woodland belt is a pure pi-

nyon overstory. Juniper is more widespread,

dominating areas in the north and at lower

elevations that do not have pinyon. The
quantity of juniper appears to increase with

increasing soil moisture stress over most of

the Great Basin.

The greater proportions of pinyon don't

always appear to be purely due to increas-

ing precipitation, usual at higher altitudes.

Single leaf pinyon appears to have a wider

range of moisture tolerance than does juni-

per at the higher moisture levels. The in-

cidence of pinyon pine with double needles

and amounts of juniper increases as the pro-

portion of summer rainfall increases from

west to east across the Great Basin. The

summer dry, extreme western boundary of

the basin is the only place where some

mountain ranges have single-leaf pinyon but

lack juniper. On the west side of the White

Mountains there are belts of pure pinyon

both above and below juniper (St. Andre,

Mooney, and Wright 1965). These two cir-

cumstances suggest that although summer

soil moisture stress may largely explain the

lower elevational limits over most of the

basin, the circumstances in the southwestern

portion of the study area indicate that there

may be temperature regimes unsatisfactory

for juniper-pinyon mixes there.

St. Andre, et al. (1965) have speculated

that lack of competition from extensive for-

est vegetation above the pinyon-juniper belt

may explain the extreme width and high

upper limit of the type on the White
Mountains. The general absence of pinyon

and juniper on the east flank of the Sierra

might be partially due to Ponderosa pine

and montane chaparral providing more
competition than the sagebrush-grass types

typical of the Great Basin Ranges. Similarly,

oakbrush-dominated vegetation in the

Wasatch Mountains and those near the east-

ern boundary of the Great Basin commonly
occur above or replace juniper-pinyon

woodland vegetation. Could oakbrush pro-

vide competition limiting the extent of the

pigmy conifer woodlands there? Could the

likely upward migrations of juniper-pinyon

woodlands and the other conifer belts (La-

Marche and Mooney 1972) during the hyp-

sithermal have resulted in the elimination of

conifer forests at higher elevations of the

smaller mountain ranges of the Great Basin?

When temperature cooled and precipitation

increased in more recent times (LaMarche

1974), pinyon and juniper could have ex-

panded with less competition from other

tree forms. Are current precipitation-

temperature relationships suitable for more

competitive species? Unfortunately, little di-

rect data exists to answer these questions.

Ponderosa pine exists in a few scattered

locations on the ranges of southwestern

Utah and southeastern Nevada without

dominance occurring. In those areas ponde-

rosa pine seems to be limited to the most

favorable sites, e.g., moist sites along

streams or northeastern slopes. Pinyon and

juniper compete largely with shrubs at both

their upper and lower boundaries within the

Great Basin.

Until more definitive evidence is in from

palynological, dendroclimatological, and

woodrat midden studies, we can only go on

inferences from current vegetation. Al-

though competitive and historical factors

are part of the environmental complex, we
feel that we can largely explain the current

distribution of juniper-pinyon woodlands on

the basis of recent and current climatic pat-

terns.

The effect of mountain height and mass

on climatic patterns (the "Merriam Effect,"

Lowe 1964) has long been recognized by

plant geographers. Since its manifestations

are greatest in semiarid regions, we related

our data on width of woodland bands

against the variables of maximum mountain

height and area of the mountain mass. Nar-

rower belts are generally found on the

mountains of smaller area with the narrow-

est of the belts generally, but not always,

found on those ranges with less than 700

km2 area (Fig. 14). Mountain area above

this size has little relation to the width of
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belts. The widest belts are found on the

highest peaks and are relatively indepen-

dent of mountain area (Fig. 15). A high

peak will not, however, necessarily have a

wide belt of woodland (e.g., Wheeler Peak,

Ruby Mountains, etc.). In circumstances

where the belt is wide, the height of the

peak dominates, but the location of the

peak in the Great Basin is of much more

importance. Figure 16 makes a separation

of the Great Basin on the basis of where

woodland belt widths are either greater or

less than 400 meters. There are many peaks

in the area of narrow belt width that are as

high or higher than those found in the area

of the wide belt width, but they are all in

the region of greater orographic impact

from Pacific Frontal storm systems (Hough-

ton 1969). Because of their elevation, the

very high ranges of east central Nevada

have a climate similar to the ranges more

north and west. These climatic controls will

now be expanded on.

The lower woodland boundaries in the

northern half of the study area appear to be

related to valley bottom topography (Figs.

10-13). Wernstedt (1960) shows that little

difference occurs in summer temperatures

between the southern and northern Great

Basin, but greatly lowered winter values are

encountered as latitude increases. This trend

applies best to valley bottom stations.

Knowledge of temperature within the

woodlands is minimal because few mete-

orological stations with long-term records

exist. Most of the U.S. Weather Service me-

teorological data is from desert valley bot-

tom stations where most of the scarce hu-

man habitation occurs. Billings (1954) has

correlated the occurrence of juniper-pinyon

woodlands in northwestern Nevada to ther-

mal belts. This led us to suspect that the

breadth of the woodland belt all across the

northern portions of the Great Basin is at

least partially related to the strength of de-

velopment and persistence of thermal belts.

Analysis of what temperature data that do

exist (Fig. 17) shows a strong relationship of

fewer degree-days below freezing indexes

2500 3000

MOUNTAIN HEIGHT (metert)

Fig. 14. Average woodland belt width (in nearest

100 m increments) in relation to maximum mountain

height.

600 900

MOUNTAIN AREA

Fig. 15. Average woodland belt width (in nearest

100 m increments) in relation to mountain area above

the lower boundary of woodland.

Average woodland

Fig. 16. Division of the Great Basin on the basis of

mountain ranges having an average woodland belt

width of greater or less than 400 meters vertical ex-

tent.
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for meteorological stations within the wood-

land belt, except in the southeastern Great

Basin (Pioche and Ursine, Nevada). Degree

days above freezing are much higher in

most woodland areas than those in the val-

ley bottoms where various cold-winter, sem-

idesert shrub-dominated vegetation types

occur.

Juniper-pinyon woodlands are nearly ab-

sent north of Interstate Highway U.S. 80

across northwestern Nevada. Critchfield and

Allenbaugh (1969) noted the correspondence

of the northwestern limits of Pinus mon-

ophyUu with the southern boundary of plu-

vial Lake Lahontan and speculate as to the

lake being a possible barrier to plant migra-

tion. The occurrence of pinyon pine on the

Virginia and Stillwater Ranges and the fre-

quent invasion of juniper in areas that were

once under the pluvial lakes of the Great

Basin makes this seem unlikely. The corre-

spondence of lakes to the pools of cold air

and/or lower precipitation now in these ba-

sins seems more of an etiological factor in

present distribution patterns.

Arlo Richardson (personal communi-

cation) has mapped the progression of late

winter and early spring chill-unit (Richard-

son, Seeley, and Walker 1974) accumula-

tions across the Great Basin. The valleys of

northwestern Nevada have the most rapid

progression and resultant ending of winter

plant dormancy of any area in the Great

Basin. Warming periods are, however, more

dramatically punctuated by cold periods

brought by Pacific Frontal storms there

than elsewhere. This knowledge, combined

with existing knowledge of air circulation

and storm patterns summarized by Hough-

ton (1969), leads us to speculate that a pri-

mary reason for the narrowing and absence

of the woodland belt in the north, in addi-

tion to the latitudinal decrease in solar in-

put, is due to the increased frequency of

Pacific frontal winds breaking thermal in-

versions. This pattern is thought to encour-

age earlier plant growth but greater sub-

sequent susceptibility of plants to direct

frost damage or frost drought in a manner

similar to that found for other conifers

(Hocker 1956, Newnham 1968). Supporting

evidence of the net effect on woodland

trees can be seen on space photography

where the most northerly and westerly of

the mountain ranges in the Great Basin are

devoid of pinyon and juniper. In the north

central portion of Nevada, ranges such as

the Santa Rosa's are almost devoid of con-

ifers altogether (Critchfield and Allenbaugh

1969). Ranges to the south and east of the

ranges devoid of the woodland contain one

or both tree species, implying a lee pro-

tection effect, e.g., Spruce Mountain, the

southern Ruby Mountains, and the southern

most tip of the East Humboldt Range (Fig.

18).

In the southern Great Basin the westerly

fronts have lost most of their energy; thus

their disruptive effect on the development

and maintenance of thermal belts is not as

frequent. Furthermore, most of the precipi-

tation in the southern Great Basin comes

from the moist Gulf air masses with rainfall

triggered by the lows aloft. As a con-

sequence, there are weaker adiabatic lapse

rates (decrease in temperature with eleva-

tion) and a corresponding smaller increase

in precipitation with elevation because of

reduced orographic effects. For example, on

the west slope of the White Mountains, the

Below 0° C

Fig. 17. Accumulated degree days cold stress below

0°C for selected woodland (PJ) and valley floor (V)

climatic stations across the Great Basin (west on left,

east on right). Data obtained from U.S. Weather Ser-

vice climatic summaries for years indicated.
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change in precipitation with elevation over

the entire woodland belt is only 10 cm (4

inches) (St. Andre et al. 1965).

Although west slopes are usually the most

mesic and diverse in the Basin, the wood-

lands on some of the mountain ranges in

our study areas have higher floristic richness

on the eastern and southern slopes (Table

4). This apparent reversal of the usual trend

is believed to be due to the effects of

nearby ranges creating rain shadows and

other orographic effects. For example, in

the Silver Peak Range most of the moisture

must come from lows aloft positioned to the

north and east. Johnson (1956) noted that

the woodland belt on the south and eastern

sides of the nearby Kawich Mountains had

the most breadth, highest cover, and largest

trees, providing corroborative evidence of

this situation.

In the southern two-thirds of the study

area, the lower boundary of woodlands ap-

pear to be more controlled by precipitation

than temperature. Degree day values for

Pioche and Ursine, Nevada (Fig. 17), are an

example of how heat sums do not differ be-

tween foothill, woodland, and valley stations

in the southeast. In fact, the situation may
be slightly reversed over that of the more

northerly and westerly pairs of stations.

Further evidence of the interaction of

temperature and moisture may be observed

in the variation of the width of the wood-

land belt as related to mountain symmetry.

Generally, the north-south axes of Great Ba-

sin mountain ranges are longer and the

highest peaks are also usually in the center

(Lustig 1969). When the range is protected

to the west (e.g., Table Mountain in the

Monitor Range) (Fig. 19), the widest belts

are in the wider, higher, central east-west

axis; and the belt-width decreases and aver-

age elevation increases toward the north

and south ends. This is an apparent re-

sponse to the Merriam effect of the greater

mountain mass intercepting more moisture

at a similar elevation. Extra high mountains

such as Arc Dome in the Toiyabes (Fig. 19)

appear to effect excessively cold, wet condi-

tions for woodland development and the

high, central axes have narrower, lower

belts primarily on western slopes under such

circumstances.

Wehave ignored here the short-term suc-

Table 4. Number of species (and number of stands) on each aspect of selected ranges in a west to east belt.
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cessional changes that are known to be op-

erating in these woodlands. If we plot by

aspect, relative tree cover, richness, and rel-

ative equitability against elevation for an

example mountain range (Fig. 20), we see

that richness is minimal in the closed wood-

lands in the middle of the belt where un-

derstory has been largely excluded by high

relative tree cover. Equitability patterns are

more complicated.

The approach to equitability used mea-

sures how evenly the existing total cover is

divided among the species present. For each

different total cover and species number a

different maximum equitability is possible.

To make an equitability comparison be-

tween areas of different cover and density,

it is necessary to convert the figure to a rel-

ative one; in this case the percent of the

maximum possible for each site. During suc-

cession (West et al. 1975) invasion by juni-

per and pinyon shifts in relative cover to-

ward more trees. However, before a

significant drop in total species number oc-

Fig. 18. Effects of exposure to westerly winds and

storm tracks on occurrence of the woodland belt at

the northern boundary of the type in northeastern Ne-

vada. Stippled area is juniper-pinyon woodland, outer

(lower) line is 2134 m (7000 ft.) contour, inner (higher)

line is 2743 m (9000 ft.) contour. Dots are major

mountain peaks: SS = Sulphur Springs Range, EH =

East Humboldt Range, Sp = Spruce Mountain, R =

Ruby Mountains. (Vegetation map derived from

LANDSAT-1 photography. Elevational contours from

U.S. Geological Survey maps.)

curs, equitability drops. As tree suppression

substantially reduces the number of under-

story species, equitability rises. Equitability

is thus highest at either end of the sere and

lowest in the intermediate serai stages. This

is contrary to the linear model for xeric-

forests proposed by Auclair and Goff (1971).

Fig. 19. Interactions of exposure to westerly storm

tracks, mountain height, and mountain mass on the

variation in woodland belt width and elevation in

west-central Nevada. Stippled area is juniper-pinyon

woodland. Outer (lower) line is 2134 m (7000 ft.) con-

tour. Inner (higher) line is 2743 m (9000 ft.) contour.

Dots are major mountain peaks: A = Arc Dome in

the Toiyabe Range, T = Table Mountain in the Mon-

itor Range. (Vegetation map derived from LANDSAT-1

photography. Elevational contours from U.S. Geologi-

cal Survey maps.)

2600
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In general, the north slopes at any eleva-

tion have a larger number of species, a

lower percent relative cover of trees, and a

higher equitability value than the other

three aspects.

Higher average diversity values were ob-

tained in our data by including some of the

woodland that is encroaching on shrublands

and grasslands both above and below the

main woodland belts. These successional

considerations are sufficiently complex that

details have to be considered elsewhere

(Nabi 1978).

matic patterns are so different in the vari-

ous portions of the Great Basin. These

differences are striking even at the same

elevation on different portions and aspects

of the same mountain range. This is espe-

cially evident in data from the Shoshone

Range. In general, such differences are most

pronounced in the Mojave-Great Basin tran-

sition area. Stratification of landscapes into

units of some homogeneity for management

purposes must take these phytogeographical

patterns into account, if confusion is to be

avoided.

IMPLICATIONS

Our observations of these broad phyto-

geographical patterns in Great Basin

juniper-pinyon woodlands will hopefully

lead to some testable hypotheses about eco-

physiological responses of juniper and pi-

nyon. For instance, what are relative evapo-

transpirative and photosynthetic limits of

juniper and pinyon in regard to temper-

ature and moisture? Does needle number on

pinyon relate to effective soil moisture?

What are the tolerances of seedlings to tem-

perature and moisture extremes compared

to those of the mature trees? Are there late

winter-early spring low temperature suscep-

tibilities? Research to answer these ques-

tions provoked by our synecological results

will be necessary to confirm our hunches.

The distributional and phytosociological

variation observed within the type indicates

that effective environments are radically

different across the Great Basin. For the

time being we can only inferentially con-

clude from the phytogeographical evidence

that climate is a major factor influencing

the latitudinal, longitudinal, and altitudinal

extent of Great Basin juniper-pinyon wood-

lands. Climate is also probably a greater de-

terminant of internal floristic diversity than

migrational and evolutionary equilibria. Re-

garding the mountains and their woodlands

as islands in a uniform "sea" of desert leads

to dangerous basic conclusions and con-

founds management application, since cli-
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